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Technical  Memoranda  are  issued  as  informal  internal 
memoranda  on  matters  of  limited  interest  to  give 
preliminary  or  interim  information  vdiich  may  later 
be  embodied  in  a more  formal  report  by  this  Laboratory. 
They  do  not  necessarily  represent  the  final  views 
of  the  project  nor  are  they  to  be  regarded  as 
definitive o 
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Subjects  Analysis  of  mine-drop  signatures  for  rise-time, 

amplitude,  and  frequency  characteristics!  I'esuxts  of 

i 

Reference  (a)  makes  the  point  that  information  as  to  the 
character  of  mine-drop  signatures  is  neoded  in  order  to  design 
functional  passi'^e  mine-watching  systems o The  purpose  of  this 
memorandura  is  to  indicate  results  obtained  from  an  analysis  of 
magnetic  tape  recordings  of  two  types  of  air-dropped  mines,  the 
Mk  3^  (from  variable  angle  launcher)  and  the  Mk  39  (high -altitude, 
air-dropped),  taken  at  Morris  Dam  (see  Ref*  b) , and  during  Op- 
eration i-TUD,  respectively f. 

It  was  previously  reported  that  an  air-dropped  Mk-39  mine 
gives  a distinct  double-peaked  signal,  while  an  air-dropped  !fk  36 
yields  only  one  peak,  those  signals  being  the  mine-drop  signatures 
and  not  their  reflectionse  This  description  is  accurate  only  for 
an  unfiltered  sigioalo  Upon  filtering,  one  discovers  that  in  the 
100-200  cps  frequency  range  both  mine  drops  have  a double  peako 
There  is  a difference,  hov/ever,  in  the  tim.-^  separation  between 
peaks  for  the  two  models » The  peaks  in  the  Mk-3^  signatiire-  are 
only  Uol  second  (average  figure)  apart.,  an  interval  approximately 
cne “third  as  long  as  the  peak  separation  time  for  a Mk  39=  This 
variance  in  filtered  signals  may  possibly  xexplain  the  difference 
found  in  the  audible  resolution  of  the  two  mines..  Furthermore, 
this  double-peak  behavior  sasms  to  oe  present  only  in  this  iovr- 
frequency  range,  with  the  most  favorable  range  for  optimum  peak 


height  and  separation  resolution  around  this  100-200  cps  range o 

It  has  been  found  that  the  \mfiltsred  s Ignat  ores  of  Mlr,«^36  mines 

2 

reach  their  peak  amplitude  of  about  132  db  re  »,0002  dynes/cm  in 

a time  of  about  20  lailllseCo  This  is  by  no  raeans  a monotonic  rise  5 

but  one  punctiiated  by  sharp  fluctuations,  as  illustrated  in  the 

photographs  of  Figure  1«  The  decible  notation  refers  to  db 

2 

above  the  voltage  produced  by  a pressure  of  ^0002  dyr.es/cm  at 
the  hydrophone^  No  quantitative  information  is  available  concerning 
the  peak  amplitude  of  I’lk  39  mines;  however,  the  time  necessary  to 
rise  to  this  unfi3,tered  peak  amplitude  has  been  measured  as  about 
80  milliseco 


In  the  case  of  the  100-200  cps  filter  range,  the  first  peak 
of  the  Mk-^'36  mine  rises  to  about  123  db  in  15  millistv.  with  the 
second  peak  rising  to  about  120  db  in  nearly  25  mllliseco  On  the 
other  hand,  the  characteristically  longer-lived  Mk-39  model  rises 
to  its  first  peak  in  ^bout  1^-0  milli  ec,  while  its  second  peak 

rises  to  a slightly  higher  level  in  about  the  same  timeo 

The  method  of  rise-time  and  filter  band  measurement  was 

essentially  photographic.  Photographs  were  made  using  a Fairchild- 
Polaroid  Land  camera  to  photograph  the  oscilloscope  face  of  a 
Tektronix  Type  512  oscllloscopec  In  cases  where  f.  ' ':oring  was 
done,  the  filter  used  was  a Spencer-Kennedy  variable  electronic 
filter,  Model  302-  Mine  drop  signals  were  played  from  tapes  over 
a Magnecorder  PT  6 J whose  frequency  response  b*nd  an  er.t.i"^ated 
useful  range  of  15  to  20,000  cps*  The  oscilloscnpe  ’:rlggsre 
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by  means  of  a metallic  foil  placed  on  the  tape,  effectively 
closing  a switch  which  completed  the  trigger  clrcnito  (See 
Figure  2o)  Then  a calibration  voltage,  generated  by  the  oscillo™ 
scope,  was  photographed  on  each  exposure  with  the  mine  drepo  This 
calibration  voltage  gives  in  each  case  a standard  for  easy  com- 
parison of  the  mine-drop  pictureso  Standard  frequencies  were 
also  photographed  on  some  of  the  pictures  to  establish  the  sweep 
rate  of  the  scopso 

At  the  time  of  mine-drop  recording,  calibration  tones  of  a 
specified  power  level  were  also  placed  on  the  tapeo  Photographs 
were  made  of  these  standard  calibration  signals  using  the  same 
electronic  arrangement  as  in  the  photographing  of  the  mine  drops o 
This  method  enabled  us  to  establish  a decibel  scale  on  the  photo^ 
graphsc  The  method  of  rise-time  measurement  was  then  essentially 
graphic,  utilizing  the  decibel  scale  established  by  the  calibration 
tones  and  the  known  time  scale  of  the  scope  sweepo 

During  the  testing  for  a suitable  filtering  range,  an  attempt 
\tfas  made  to  enhance  the  signal-to-noisc  ratio  and  to  produce  a 
more  characteristic  sigiiature  by  means  of  R-C  "differentiation” 
and  •' Integra tiono"  Neither  of  these  techniques  (with  or  without 
' ‘Ctif ication)  seemed  to  improve  results.  In  maxiy  cases  the  S/N 


as  vail  as  location  of  mine  drops.  The  report  on  Boston  Harbor ^ 

Ref  (c',  vould  indicate  that  a mazimijm  of  harbor  background  noise, 
including  ship  noise,  occurs  in  the  100  cps  region. 

An  infonnal  study  (tuipubllshed)  vas  midcrtaken  by  this 
laboratory  of  a tape  recording  of  hydrophone  noise  picked  up  in 
New  London  Harbor-  A similar  pe;.  Icings  arc-aid  hOQ  cps,  is  in- 
dicated, Thus  ve  find,  not -unexpectedly,  that  the  Tn-ax-iTnum  sound 
energy  of  harbor  backgrotuid  noise  tends  to  be  in  the  low  frequencies. 

This  situation  is  not  as  tjad  as  it  night  appear,  since  a 
similar  ana.lysls  shows  that  mine-crop  nolso  energy  also  seems  to 
be  maximum  in  the  low  energy  region,.  Indeed,  a signal -to -noise 
ratio  study  on  Pro.ject  MUD  drops  C%;hero  r.resurRably  there  would  be 
a background  of  the  expected  nature,  but  admittedly  not  of  harbor 
intc’^sity)  indicate  that  the  maximuia  S/N  value  is  in  this  very 
100-200  cps  range  (Graph  Do  This,  relationshiri.  and  the  determination 
of  a characteristic  mlne-drou  signature,  v;ould  be  houeful  circum'^: 
stances  for  further  study  of  the  location-recognition  nrobl<:iUi o 

liie  uO-ssiMlity  that  the  double-peak  nature  is  unique  to  drops 
(as  opposed  to  explosions,  machine  gun  fire,  etc,)  remains  to  be 
demonstrated  conclusively.^  In  full  scale  experiments, 
this  peaking  or  periodicity  could  conceivably  represent  either 
oscillations  of  the  cavity,  the  size  of  v/hich  is  unknovm  in  full 
scale  experiments,  or  sh.eck-excited  oscillations  of  the  mine  oasec 
Those  possibilities  seem  to  indicate  that  further  model 
studies  might  be  useful.  The  model  stu’es  discussed  in  Ref  (d) 
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seem  to  indicate  t>.at  pulses  subsequent  to  the  first  result  from 
mine  oscillations  being  transmitted  to  the  water  upon  mine  cavity 
contacto  If  thi.-=  is  the  ease,  clearly  tha  frequency  spectra  of 
the  second  piilse  for  various  mine  types  shoi»J,d  show  some  relation^ 
ship  to  a study  of  the  natural  frequencies  of  mines <.  Underwater 
explosions,  as  indicated  by  Ro  Cole,  Ref  (e)»  indicate  that 
multiple  pulses  duo  to  cavity  oscillations  can  occur o Since  all 
of  these  shots  (Cole''s)  were  large,  deep-water  explosions,  however;, 
it  is  clear  that  the  cavity  should  bo  important  in  the  determination 
of  their  signals,  but  not  decisive  in  determining  the  character 
of  small  10  lb),  shallow  explosions,  which  would  approximate 

a mine-drop  and  might  feasibly  be  scattered  from  a plane  to  mask 
laying  operationso  A study  made  by  Project  MICHAEL,  Ref  (f ) , on 
explosive  noise  transmission  is  not  conclusive  in  this  case  either, 
since  their  transmission  distances  are  such  as  to  make  dispersion 
phenomena  possibloo  If  the  second  pulse  is  due  to  cavity 
oscillations  presumably  there  will  be  scrae  correlation  be- 

tween the  nature  of  the  second  peak  and  the  nature  of  the  first 
for  the  various  types  of  mine  dropso 

Our  studies  tend  to  favor  the  mins  vibration  hypeuhesis, 
since  v;a  get  distinctly  different  characteristics  for  the  second 
peaks  in  the  two  drop  types  Ce:cample3  in  Grav!^  II The  situation 
is  far  from  definite,  hov/ever,  since  the  two  types  of  mines 
possess  distinctly  different  layinp  .energies,  the  Mk  36  being 
parachute  dropped n 


The  data  obtained  by  the  teats  described  v;ou.ld  appear  to  be 
in  distinct  conflict  with  that  indicated  in  R.M.U.D^S^  (Great 
Britain)  report,  Ref  (g) , where  a double  pulse  is  obtained  for 
low  energy  drops  (300®  dropping  height)  anrl  only  a single  peak 
for  higher  drops  (1000"  and  1^00’ )•  We  liave  consistently  received 
a double  peak  from  the  Mk  39  (high  energy) » Furthertnor-e , the 
double -pulsed  character  of  our  drops  has  somewhat  disappeared  at 
the  frequency  ranges  used  by  H,M,IT.D,E.  (3e5  - I?"?  KGS).  The 
possibility  exists  that  their  lov  energy,  double  pulses  are  a 
result  of  the  low  entry  angle  (30*^)  and  subsequent  motion  of  the 
mine  in  the  cavity.  Except  for  this  explanation  it  is  difficult 
to  reconcile  this  discrepancyr 

Certainly  the  need  for  further  data  and  analysis  is  clear o 
The  importance  of  determining  a signature  characteristic  for  the 
entry  of  a mine  into  the  water  can  hardly  be  sufficiently  em- 
phasized, At  present  it  woiold  appear  that,  both  from  the  aspects 
of  maximum  S/N  value  and  of  characteristic  si^pr-aturc , the  low" 
frequency  range  100-2CX)  cps  deserves  close  actention..  It  was  in 
view  of  the  importance  of  these  facts  and  the  apparent  non- 
universality  of  this  opinion  that  this  memo  was  prepared. 

In  order  to  discover  the  e:cact  nature  of  mine  signature  sound 
pulses,  the  follov;ing  studies  should  be  initiated? 

a)  An  analysis  of  the  spectra  of  mine  drop  signatures  to 
determjne  if  the  p'alsenare  a function  of  mine  vibration, 
or  J.aying  energy,  and  noting  the  cros,? -correlation  of 
tiiese  two  factors. 
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b)  Vibration  studies  of  the  mines  themselves,  for  frequencv 
and  excitation  energy. 

c)  An  analysis  of  small  (about  10  lbs)  shallow  water  ex- 
plosion signatrires* 

d)  Rise-times  and  peak  amplitude  values  for  Mk  39  and  Mk  25 
mines,  i.e.,  accumulation  of  information  similar  to  that 
present  in  the  second  paragraph  of  this  memorandum.^ 

Problems  9(a)  and  9(d)  are  currently  under  study  at  Vale 
University,  by  scientists  under  Contract  Nonr-609C02) . To  this 
end,  work  has  begun  on  the  design  and  consti'action  of  a hydrophone 
array  and  monitoring  sysaen  uu  established  at  Beavertaii 
Laboratory,  Jamestown,  Hliodc  Island,  in  the  summer  of  1953o  When 
this  installation  is  completed,  it  will  then  be  possible  to 
complete  studies  (a)  and  (d). 


J.  W.  Corbett 


H.  E,  Lanou 
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